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INTRODUCTION 
During the last twenty-five years, running and jogging have become a widely 
accepted form of exercise. Whether one is a weekend jogger or a highly competitive 
marathon runner, all have benefited from sports related knowledge and equipment 
advances during this period. One cannot argue that the visual system plays a major 
role in an athlete's ability to perform. The changes in visual function that occur during 
exercise, specifically running, is the key question investigated in this specific study. 
In conjunction with the increased knowledge gained towards improving athletic 
performance, an interest in the role that the visual system plays in the total competitive 
equation has been sparked. With the development of sports vision beyond basic 
vision care provided to athletes, eye care practitioners, coaches and athletes now 
recognize the value of the visual system in sports performance. As stated by Coffey 
and Reichow, "as the search for excellence in sports performance has become more 
sophisticated, athletes have begun to understand and appreciate the subtle influences 
that vision exerts on overall pertormance."1 With this in mind one can easily conclude 
that without an adequately functioning visual system, the athlete has decreased ability 
to receive information and to react to his environment. Runners, who are constantly 
moving while participating in their sport, rely heavily on their visual system to react to 
their ever changing surroundings. Of course, different types of running environments 
present different visual tasks to the runner in motion. For example, a track hurdler 
must successfully utilize visual acuity, vergence ranges, accommodative facility and 
depth perception while traveling at high rates of speed. In contrast, an ultra- marathon 
runner who runs on trails, and is exposed to varying terrain, uses similar visual skills, 
but in a way that allows him to perceive depth on uneven terrain in various lighting 
conditions while moving at much slower speeds. 
In addition to an interest in exploring the changes that occur in the dynamic 
visual task analysis of running, this study was also inspired by reports of various visual 
symptoms experienced by numerous members of the running population. For 
example, many ultra- marathon runners, including three time finisher and record 
holder of the Badwater 146 mile race, Marshall Ulrich, have reported hallucination-
type visual experiences while training for and participating in ultra- marathon events 
although these reports have not been substantiated in the literature. Additionally, 
numerous recreational runners/ joggers have reported (although not documented in 
the literature) a decrease in their focusing ability within five minutes to several hours 
after a three to five mile run. In contrast, others have noted an increase in their visual 
acuity and focusing system within the hour following a run. Additionally, questions 
raised by previous studies come to mind, such as; if changes do occur in the visual 
system while and athlete is performing, how does this affect the overall performance of 
the athlete? Also, if changes actually do occur, do the better performers have less of a 
change in their visual system than the lesser skilled? If there are few changes during 
athletic activity, is this stability of the visual system a component of total overall 
performance? With the above in mind, this study was designed to investigate any 
changes that may occur in the visual system while running. 
The comparison of ocular and physical states that occur pre and post- exercise 
have been the focus of many studies. First, numerous studies have shown a positive 
correlation between exercise and intraocular pressure. In a study done at Oregon 
Health Sciences University, a statistically significant attenuation in intraocular 
pressure was the response to short- term maximal aerobic exercise conditioning.2 In 
another study, physically conditioned subjects completed a 110 kilometer march with 
twenty kilogram backpack loads. Intraocular pressures decreased significantly at all 
marching intervals. There was no correlation between intraocular changes and levels 
of blood pH, blood lactate, serum proteins and electrolytes or hematologic parameters. 
Of interest, as stated by the authors, many physiologic and metabolic changes occur in 
the body during exercise, and the factors relevant to lOP cannot be differentiated 
easily from unrelated events. Although it is tempting to associate decreased lOP with 
intra- and post- exercise systemic hemodynamic factors (such as heart rate or elevated 
diastolic or systolic blood pressure), we observed no such association in our study, 
despite the exposure of our subjects to an exceptionally strenuous exercise.3 
Another study investigated the correlation between jogging and contrast 
sensitivity. In this particular study, statistically significant changes in contrast sensitivity 
occurred in physically fit subjects when comparing pre and post- exercise 
measurements. The mean contrast sensitivity at all three spatial frequencies studied 
was higher after jogging. 4 The effect of jogging on visual field indices was the subject 
of yet another study. The results of this study suggested that jogging improves the 
sensitivity of the visual system in some subjects. Mean deviation, pattern standard 
deviation, short- term fluctuation and corrected pattern standard deviation of the 
Humphry 30-2 visual field all tended to have higher values after exercise. The authors 
suggested that increased alertness, possible related to beta- endorphins, with jogging 
enabled the attainment of optimum threshold levels with decreased long- term 
fluctuations.5 However, in a later study, by different investigators, it was determined 
that exercise does not increase visual field sensitivity. The conclusion was that a 
learning effect caused the increased sensitivities that resulted after ten minutes of 
exercise.6 
In a study done by Vlahov, using the Harvard Step Test as the form of exercise, 
improved visual acuity occurred post- exercise. This study supported previous 
findings that a heavy exercise load temporarily improves visual acuity.? Furthermore, 
in a 1983 Japanese study, the relationship between exercise on a bicycle ergometer 
and static and kinetic visual acuities was investigated. Static visual acuity was defined 
as the ability to discriminate, in full, the static objects. Kinetic visual acuity was defined 
as the visual acuity for a moving target. It was found that kinetic visual acuity was 
decreased following strenuous exercise. Static visual acuity remained unchanged 
immediately after exercise, but increased seven to nine minutes later and was 
maintained at that level until twenty minutes post- exercise. This increase was 
statistically significant. The author suggested that different physiological mechanisms 
may be involved in static visual acuity and kinetic visual acuity in terms of visual 
perception. It should be noted that the results were not compared to those of a control 
group.8 In a thesis by Samson, Briscoe and Coffman (at the 1993 Seattle Marathon) 
pre and post refractive errors were measured on runners. Despite many individual 
changes, with a trend towards hyperopia, no statistically significant results were 
evident. 9 At the Boston Marathon, over twenty years earlier, another study was 
completed in which changes in post- race near vision was investigated. Sixteen near 
tests were administered to twenty- nine athletes prior to and following the marathon. 
The tests included amplitude of accommodation, near point of convergence, 
stereopsis, near phorias, AC/A, near ductions, peripheral fields and suppression 
tendencies. The only statistically significant findings were base- in, base- out and 
base- up blur changes. Additionally, there was a consistent trend towards esophoria, 
but it was not statistically valid. The authors concluded that the visual system adjusts 
to physical fatigue, therefore producing no significant visual system changes.1 0 In 
1991, the effect of exercise on stereoacuity was the focus of a study completed by 
Brown and Malcolm. Stereopsis and it's components, namely, visual acuity, contrast 
sensitivity, and ocular muscle balance including convergence and fusion were tested. 
A bicycle ergometer was used as the form of exercise. There were no statistically 
significant differences between either the exercise or control groups on pre and post 
testing for visual acuity, contrast sensitivity, ocular muscle balance, fusion range or 
stereoacuity. Of interest is that the majority of the subjects in the exercise group 
showed an increase in esophoria and a decrease in exophoria. The experimenters 
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stated that a possible explanation for this is that an increase in body temperature 
causes an increase in conduction velocity in the medial recti muscle .11 
As can be seen, much work has been done comparing various visual 
components pre and post exercise. Little work has been attempted in testing visual 
functions while the subject is actually engaged in the exercise. With the above in 
mind, the aim of this study was to investigate the relationship between running and the 
changes that occur in the visual system while an athlete is participating in the activity. 
METHODS 
Subjects 
Thirty-nine subjects participated in the study. The subjects were 
recruited from the Portland, OR metropolitan area. There were twenty-two 
women and seventeen men, with an age range of 18 to 57 years (mean 27.5; 
SO 1 0.57). Upon full explanation of the study, including their option to 
withdraw from the study at any time, a written informed consent was obtained 
from each participant. All subjects were in good general health and were free of 
any ocular (including strabismus), neurological, or systemic disease with known 
ophthalmic complications. All subjects had corrected monocular and binocular 
visual acuities of 6/12 (20/40) or better while stationary. In addition, each 
subject had to have maintained a exercise regimen that included jogging for at 
least thirty minutes a day, three days a week, for the three months immediately 
preceding the study. 
Before arriving at the testing location, each subject was asked to fill out a 
questionnaire regarding their general health, any medical or visual problems, 
and number of days per week that they jogged for at least thirty minutes 
(Appendix A). Upon review of this questionnaire, the examiners measured 
visual acuities 00, OS, and OU utilizing the Mentor B-VAT II Video Acuity 
Tester, then performed ophthalmoscopy, pupil evaluation, motor fields, and a 
cover test to include or exclude each individual subject. Failure or substandard 
responses in any of these areas resulted in exclusion of that particular subject 
from the study. 
distance to the monitor (6 meters), luminance of the monitor (80 lumens), 
ambient luminance (120 lumens), instruction set, and order of testing remained 
constant throughout. 
Exercise 
A resting heart rate was measured manually, using the radial pulse 
(measured for ten seconds then multiplied by six to determine the beats per 
minute) before any testing was begun. Subjects ran on a Challenger MACH 
1.75 treadmill at zero percent incline for thirty minutes, during which time the 
workload intensity (speed of the treadmill) was adjusted so that they were within 
the optimal aerobic training zone for their age (A sample of the Karvonen 
method that was used to determine the optimal aerobic training zone for the 
subjects can be found in Appendix B). 12 Heart rate was maintained with a 
Polar heart monitor attached around the subject's chest. The heart rate was 
checked every three minutes to assure proper workload for the individual. 
Visual Acuity 
When measuring the visual acuities, we allowed the subjects to wear 
their best correction, either spectacles or contact lenses under the B-VAT visor. 
While looking at the monitor, the subjects were instructed to call out the line of 
letters that was evident on the screen, always beginning with the 6/12 (20/40) 
line. If the subject was unable to recognize any of the letters due to blur, then 
they were given the next largest line. Subjects were brought down from a level 
that they could easily achieve to near their threshold. Once near their threshold 
acuity, the patient was given four different lines of letters, one at a time, all of the 
same visual acuity demand. In order to get credit for that particular acuity level, 
the subject must have correctly identified three of the four lines. There was no 
Equipment 
In our experiment we employed various pieces of equipment. The 
treadmill used was the MACH 1.75 variable speed model from Quinton. 
The 8-VAT II Video Acuity Tester with the special BVS Binocular Vision 
Testing System from Mentor 0 & 0, Inc. was used for the testing all the visual 
functions in the experiment. The B-VAT II with the special BVS feature is a 
unique system that uses head mounted goggles which are constructed with 
separate apertures for each eye. Each aperture has a liquid crystal shutter that 
can transmit or block out light. The shutter signal (i.e. OPEN/ CLOSE) sent by 
the microprocessor is synchronized with the presentation of two different 
images on the video screen, so that either image can be independently 
presented to each eye. The speed of this alternate presentation is fast enough 
that the observer perceives the images as continuous. 
To maintain the subject's heart rate within their pre-determined optimal 
range, the Polar Accurex II Heart Monitor from Polar CIC, Inc. was worn around 
the chest. The wrist- readout was placed approximately 30 centimeters away 
from the subject, attached to the support rail of the treadmill. 
Testing Conditions 
Testing was carried out under three different conditions including pre-
exercise, during exercise, and post exercise. The pre- exercise measures were 
made immediately before any exercise began while the subject stood stationary 
on the treadmill. The during- exercise measures were taken approximately ten 
minutes after the subject's heart rate had reached the pre- determ ined "optimal 
aerobic training zone." The post- exercise measures began one minute after 
completion of the thirty minute jog, while the patient was still standing on the 
treadmill, and lasted for a total of five minutes. All other variables, including 
time limit on this section of the sequence. All acuities were qualified with +1-'s . 
. In the end, all Snellen visual acuity measures were converted to logMAR units. 
LogMAA acuity is a method to convert the more conventional but 
· somewhat cumbersome Snellen to a linear scale. LogMAR means log 
minimum angle of resolution (in minutes). It has two advantages. First, many 
sensory responses are known to be proportional to the logarithm of the 
stimulus. Second, it provides a single convenient number for comparing data, 
such as percentage visual loss or improvement, · and for evaluating 
experimental results.13 The following is a table comparing various measures of 
visual acuity, including Snellen and LogMAR: 
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Figure 1. LogMAR Scale comparisons. 
Stereoacuity using contoured targets 
The subjects were reminded to remain watching the monitor, keeping 
both eyes open. Next they were asked to tell the examiner which ring appeared 
to "float" off the screen th~ most...top, bottom, left, or right (Fig. 2). With this test, 
the subject was started at the maxim urn disparity (240"), and was slowly brought 
down to their threshold. Once near their threshold, the subject was given four 
different displays (all having the same stereo demand); in order for them to be 
given credit for that particular level, they had to correctly identify the "floating" 
ring on three out of the four presentations. If they gave fewer than three correct 
responses at a given level, they were then retested on the preceding level 
where they again had to correctly identify three out of four of the presentations. 
There was no time limit on this section of the battery. 
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Figure 2. Circle stereo test for contour stereopsis 
Global Stereopsis 
To test global stereopsis, a Random Dot E pattern with a pixel size of 240 
. 
arc sec was used. A 6/96 (20/320) tumbling E was displayed at varying levels 
of stereo disparity with the orientation (up, down, or to the right) being changed 
at random by the examiner (Fig. 3). The subject was asked to state the 
orientation of the E in each presentation. Again, testing began at the maximum 
disparity of 240", and the participant was challenged with gradually decreasing 
levels of stereo disparity. At each level, the subject had to correctly identify the 
orientation of the E three out of four times in order to receive credit for that 
particular level. There was no time limit for this section of the battery. 
-
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Figure 3. Random dot E pattern to test for global stereopsis. 
Dissociated Phoria 
In this particular test, the subjects were instructed to look at the "bullseye" 
~ 
target on the monitor while being aware of the line above it and the 'Al below it 
(Figure 4). The subjects were further instructed to tell the examiner when they 
perceived the line to be directly above the "bullseye" and the 'A'. The testing 
was done in a bracket range fashion where the subject's dissociated 
heterophoric posture was approached from both the esophoric and exophoric 
sides. The recorded measure was the average of two approaches from each 
side. There was no time limit on this section of the battery . 
.. , [MenTOR ! 
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Figure 4. The 8-VAT fixation disparity target. 
Six Base In/ Base Out Vergence Facility 
In order to test vergence facility using prism, the authors chose to use a 
loose Pucket-type prism which the subjects held in front of their own eyes. All 
other methods proved to be either too awkward or too unstable. With this test, 
the subjects were told to keep both eyes open at all times and to always look at 
the horizontal line of letters on the monitor (isolated binocular 6/12 (20/40) line). 
The subjects were then shown how to properly hold the loose prism. The 
protocol for this particular test was to hold the loose prism with the base out 
when it was placed before the right eye, and base in when placed in front of the 
left eye. The experimenters chose this method that is more like prism rocks than 
true vergence facilities because they felt that there would be far fewer problems 
in maintaining balance while performing the activity, and thus providing a safer 
environment. The subjects were told to always make the letters single and clear 
before moving the prism from in front of one eye to in front of the other. Subjects 
performed facility testing for two consecutive minutes. And although the number 
of "flips" or Nrocks" for the entire two minutes was recorded, the examiners 
broke the two minutes down into one minute totals, or the number of "flips" done 
from zero to sixty seconds, and two minute totals, or the number of "flips" done 
from sixty seconds to 120 seconds. This approach was taken in order to 
address the question of whether convergence facility while exercising remained 
unchanged during a two minute cycle, or if there tended to be a decrease 
number of "flips" after a minute. Throughout the testing battery, the subjects 
were constantly reminded to make the letters single and clear before moving 
the prism from one eye to the other. 
-2.000/ Plano Accommodative Facility 
Similar to the vergence facility testing sequence with the exception that 
the subjects were required to use two loose lenses ( -2.000) that they held 
before their own eyes, instead of one. Again, all other methods proved to be 
either too awkward or too unstable. As with the vergence facility test, the 
subjects were instructed to keep both eyes open at all times, and to always 
make the letters single and clear before placing the lenses in front of their eyes, 
or taking them away. An isolated, horizontal binocular 6/12 (20/40) line was 
used as the target. The subjects were shown how to properly hold the two 
-2.000 spherical lenses in front of their eyes. The subjects performed facility 
testing for two consecutive minutes. Again, the examiners recorded the number 
of "flips" done for the entire two minutes, and again broke the two minutes down 
into one minute totals and two minute totals. This approach was taken in order 
to address whether accommodative facility while exercising remained 
unchanged, or if there tended to be a decrease number of flips after minute one 
or minute two. The subjects were constantly reminded throughout the testing 
battery to make the letters single and clear before making any lens changes. 
RESULTS 
This study was begun as an explorative venture to discover whether or 
not there was any factual basis for some of the anecdotal visual complaints that 
runners had reported, such as the previously mentioned perceived fluctuation in 
accommodative ability. Although there were several interesting changes in the 
visual system noted by the authors, not all were statistically significant. On a 
whole, there tended to be a decrease in all the visual functions measured 
including visual acuities, contour and global stereopsis, and accommodative 
and convergence facilities. There was also an apparent shift in the dissociated 
phoria toward a more esophoric posture while running. Although not all of 
these changes were statistically significant, the authors feel there are a few 
worth further mention. 
In this particular study, the major area of interest lie in whether or not any 
changes in the visual system actually occur as a result of running, therefore 
anytime a subject was found to be unable to accomplish a certain task, s/he was 
excluded from the statistical analysis for that particular task. For example, out of 
thirty-nine subjects in our study, only thirteen were able to distinguish some 
level of global stereopsis in all three testing conditions therefore, we eliminated 
the other twenty-six from the statistical analysis for this particular task. This 
procedure was followed for each subject and each particular test in the battery. 
The authors used a two · tailed t-test and a within- subjects matching 
system. All the means and standard deviations for all the tests in the battery are 
listed in table one. 
There was a statistically significant change in visual acuities whenever 
pre or post exercise measures were matched with during exercise measures 
(00, OS and OU, p< 0.01 ). In all cases, visual acuities taken while the subjects 
were not in motion, that is pre and post- exercise, were better than those taken 
during the physically demanding activity of running. Although not statistically 
significant, it is interesting to note that the best visual acuity measures tended to 
be those taken when exercising was completed. This supports the results found 
by Vlahov in his study. 
Although not statistically significant, there appeared to be a decrease in 
contour stereopsis whenever the subject was in the act of running. When 
comparing pre to post- exercise measures, however, there was a slight increase 
in sensitivity to this form of stereopsis. This could be the result of a learned 
effect (the subjects understood the test better), or a result of the increased 
esophoric posture. With an increase in esophoria, there is quite possibly a 
larger float phenomena perceived due to the increased disparity of the target. 
Global stereopsis results proved to be somewhat questionable. Both pre 
and during- exercise measures were identical (and both worse than contour 
stereopsis) while there was a slight improvement in post- exercise values. One 
possible explanation for the varied results with this test was the large pixel size 
(240"). It was noted by many subjects that "looking at the random dot picture 
was like watching a 60" television screen from 2" away. If this were to be 
repeated in the future, the authors recommend using a much smaller pixel size 
in order to give the picture more clarity. 
Similar to what Brown and Malcolm found in their 1991 study, there 
appeared to be a slight (not statistically significant} change in phoric posture 
toward more esophoria or less exophoria. The largest jump in posturing was 
from pre to during- exercise measures in which the mean shift was almost 0.5 
prism diopters more esophoric. Although after exercising, there was a slight 
regression toward exophoria, the final posture was still almost 0.2 prism 
diopters more esophoric than it was at the outset. 
Much like the visual acuity findings, accommodative facility improved in 
the absence of exercise, indicating that perhaps the accommodative system is 
somewhat fragile and easily broken down with exercise. In any instance that 
there was a comparison between stationary and dynamic measures, the 
dynamic measures tended to be a bit lower. Further, when comparing pre-
exercise to post- exercise measures, pre- exercise was always higher. As was 
mentioned above, P<0.01 was achieved in five separate instances: pre one 
minute vs. pre two minute, pre one minute vs. post one minute, during one 
minute vs. post one minute, pre total vs. during total, and during total vs. post 
total. 
Unlike the accommodative facility task, convergence facility provided no 
statistically significant results suggesting that perhaps the vergence system is 
more stable than the accommodative system. This could be true for many 
reasons, including that the drive for single vision may be so much greater than 
the drive to see clearly. Similar to the accommodative results, however, there 
tended to be better performances when the subjects were stationary. 
In the table below, the authors have provided the means and standard 
deviations for the entire battery of tests. 
RESULTS TABLE ONE 
N Pre- Exercise Mean (sd) During- Exercise Mean (sd) Post- Exercise Mean (sd) 
Binocular VIsual Acuities (logMAR) 32 0. 123 (0. 092) 0.182 (0.09) 0.105 (0.094) 
Contour Stereopsis _(arc sec) 32 111.10 (51.52) 126.56 (61.78) 105.47 (49.01) 
Global Stereopsis (arc sec) 1 3 180 (64.81) 180 (64.81) 156.92 (75.57) 
Dissociated Phoria (prism dlopters) 39 0.15 (1.089) 0.526 (1.446) 0.333 (0.989) 
Accommodative Facility- 1mln ("flips") 39 4.00 (3.789) 2.438 (3.062) 5.287 (5.116) 
Accommodative Facility- 2mln ("fl~ps") 39 5.088 (4.455) 2.70 (3.26) 5.887 (5.498) 
Accomr.podatlve Facility- total ("flips") 39 9.087 (8.013) 5.137 (6.134) 1 1.175 (10.265) I 
Convergence Facility- 1 min ("flips") 39 2.625 (2.628) 2.438 (2.874) 3.138 (3.144) 
Convergence Facility- 2mln (flips") 39 2.688 (3.01) 2.612 (3.035) 3.062 (3.076) 
Convergence Facility- total ("flips") 39 5.132 (5.372) 5.05 (5.769) 6.20 (6. 1 06) 
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DISCUSSION 
Accommodative facility results were varied, but yielded statistically 
significant data when comparing pre to post, pre to during and during to post-
exercise findings. This occurred in the one minute and in the total 
accommodative facility findings. Pre- one minute to pre- two minute 
accommodative facility also proved to be statistically significant. As seen 
graphically, facility decreased during exercise, as compared to pre- exercise. 
Post- exercise measurements improved in comparison to the during 
measurements. This decrease in accommodative facility during exercise does 
agree with activation of the sympathetic nervous system. Post- exercise, the 
improved facilities may have been the result of a learned effect. 
Dissociated phoria measurements were not statistically significant. 
However, we noted a general trend towards a more esophoric posture during 
and post- exercise, when compared to pre- exercise. This can possibly be 
explained by activation of the parasympathetic triad in response to the 
sympathetic activation from exercise. Due to the sympathetic nervous system, 
accommodation is moved towards the far- point. When accommodation is in 
this posture, there is retinal blur. Thus the parasympathetic triad, involving 
pupillary constriction, accommodation and increased convergence come into 
play. This eso shift also agrees with the results of Brown and Malcolm, in which 
they stated that an increase in body temperature can cause an increased 
conduction velocity in the medial recti muscles. This may be sufficient to cause 
an increase in convergence. One can speculate that an increased eso posture 
could cause an athlete to localize targets closer to themselves than they 
actually are, possibly causing a decrease or change in athletic performance. 
On the other hand, this is possibly where adaptation of the visual system in the 
trained athlete, mentioned in the Boston Marathon study, comes into play. With 
the above in mind, one would think that convergence facilities would also 
improve with exercise. However, the results yielded non- significant data for 
convergence facilities in all areas of comparison. We believe the results to be 
skewed negatively due to a learned effect. In addition, the results revealed 
stereopsis to be non- statistically significant. However, we noted many 
individual results that showed decreased stereopsis while exercising, with often 
improvement or return to baseline stereopsis in the post- exercise 
measurement. This trend is similar to the statistically significant findings of 
visual acuities. These may somehow be related, but we were unable to discern 
how so. 
Perhaps future research will solve a few of the questions left unanswered 
by this thesis, such as why is there a tendency to become more esophoric when 
exercising, or why accommodation and convergence facilites do not degrade 
readily under stressful conditions such as exercising. Until then, however, we · 
can only speculate about the reasons based on what has been found. 
APPENDIX A 
QUESTIONNAIRE 
Name:------------------------------------------
1) Do you run at least three times a week for at least thirty 
minutes a session? 
Yes No 
2) How do you rate your general health? (Fair. Good Excellent) 
3) Do you have any chronic health problems? Yes No 
If yes. please explain. 
4) When was your last physical examination? Results? 
5) Are you currently taking any medications? Yes No 
If yes. please list. 
6) When was your last eye examination? Results? 
7) Do you have any known visual problems? (lazy eye. decreased vision in one eye) Yes No 
If yes. please explain. 
9) Have you ever sustained any serious eye injuries? Yes No 
If yes. please explain. 
1 0) Do you or anyone in your immediate family (father/mother brothers/sisters) have/had 
any of the following? 
a) uncontrolled high blood pressure 
b) heart problems 
c) asthma 
d) uncontrolled diabetes ·~ 
Yes No 
Yes No 
Yes No 
Yes No 
APPENDIX 8 
Karvonen Target Heart Rate Calculation 
Target Heart Rate Range 
Resting Heart Rate __ 90 __ _ 
220 
- (age) .....::2:..:..0 ___ _ 
200 
-(Resting Heart Rate) 90 
"(0.60) _..::.66~-- "(0.85) 94 
• Resting Heart Rate 90 90 
· Target Heart Rate Range _ ..... 1.-56._ _ lti4 
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